Transient kinetic studies of heme reduction in Escherichia coli nitrate reductase A (NarGHI) by menaquinol.
We have studied the transient kinetics of quinol-dependent heme reduction in Escherichia coli nitrate reductase A (NarGHI) by the menaquinol analogue menadiol using the stopped-flow method. Four kinetic phases are observed in the reduction of the hemes. A transient species, likely to be associated with a semiquinone radical anion, is observed with kinetics that correlates with one of the phases. The decay of the transient species and the formation of the second reduction phase of the hemes can be fitted to a double-exponential equation giving similar rate constants, k(1) = 9.24 +/- 0.9 s(-1) and k(2) = 0.22 +/- 0.02 s(-1) for the decay of the transient species, and k(1) = 9.23 +/- 0.9 s(-1) and k(2) = 0.22 +/- 0.02 s(-1) for the formation of the reduction phase. The quinol-binding-site inhibitors 2-n-heptyl-4-hydroxyquinoline-N-oxide (HOQNO) and stigmatellin have significant and different inhibitory effects on the reduction kinetics. The kinetics of heme reduction in NarI expressed in the absence of the NarGH catalytic dimer (NarI(DeltaGH) exhibits only two kinetic phases, and the decay of the transient species also correlates kinetically with the second reduction phase of the hemes. We have also studied nitrate-dependent heme reoxidation following quinol-dependent heme reduction using a sequential stopped-flow method. HOQNO elicits a much stronger inhibitory effect than stigmatellin on the reoxidation of the hemes. On the basis of our results, we propose schemes for the mechanism of NarGHI reduction by menaquinol and reoxidation by nitrate.